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1
FUEL TANK ULLAGE PURGE SYSTEM

BACKGROUND

The subject matter disclosed herein relates to passivation
systems, and more particularly, to passivation systems for
use with aircraft fuel systems.

Fuel systems utilized within an aircrait may employ
inerting systems to reduce the flammability of fuel vapors
within the tank ullage of the fuel tank. Inerting systems
within fuel systems may be utilized to provide a nitrogen-
enriched environment, an oxygen-depleted environment,
etc., to prevent 1gnition of fuel vapors. Inerting systems add
additional weight, complexity, and expense.

BRIEF SUMMARY

According to an embodiment, a purge system includes an
airtlow source to provide an airflow, and a fuel tank,
including: a tank volume including a tank ullage, at least one
inlet, wherein the at least one inlet 1s 1n fluild communication
with the tank ullage and the airflow source to provide the
airtlow as an inbound airflow to the tank ullage, and at least
one outlet, wherein the at least one outlet 1s 1n fluid com-
munication with the tank ullage and an overboard location
outside the aircraft to direct the inbound airflow as an
outbound airflow from the tank ullage to the overboard
location.

According to an embodiment, a method to purge hydro-
carbon vapors includes providing a cool airflow via an
airtlow source, providing a fuel tank having a tank volume
with a tank ullage, providing the cool airflow as an inbound
airtlow to the tank ullage via at least one purge duct of the
tuel tank, and directing the inbound airflow as an outbound
airtlow from the tank ullage to an overboard location via a
vent of the fuel tank.

According to an embodiment, an aircrait includes an
airtlow source to provide an airflow, an aircratt body, and a
tuel tank disposed within the aircrait body, the fuel tank
including: a tank volume including a tank ullage, at least one
inlet, wherein the at least one 1nlet 1s 1n fluid communication
with the tank ullage and the airflow source to provide the
airtlow to the tank ullage, and at least one outlet, wherein the
at least one outlet 1s 1 fluild communication with the tank
ullage and an overboard location outside the aircrait to direct
the aiwrflow from the tank ullage to the overboard location.

Technical function of the embodiments described above
includes at least one inlet, wherein the at least one inlet 1s 1n
fluid communication with the tank ullage and the airtlow
source to provide the airflow as an inbound airflow to the
tank ullage, at least one outlet, wherein the at least one outlet
1s 1 fluid communication with the tank ullage and an
overboard location outside the aircrait to direct the inbound
airtlow as an outbound airflow from the tank ullage to the
overboard location. Other aspects, features, and techniques

of the embodiments will become more apparent from the
tollowing description taken in conjunction with the draw-

ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter 1s particularly pointed out and dis-
tinctly claimed in the claims at the conclusion of the
specification. The foregoing and other features, and advan-
tages of the embodiments are apparent from the following
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2

detailed description taken 1n conjunction with the accom-
panying drawings 1n which like elements are numbered alike

in the FIGURES:

FIG. 1A 1s a schematic view of an aircraft with one
embodiment of a purge system:;

FIG. 1B 1s a schematic view of an aircraft with another
embodiment of a purge system:;

FIG. 2A 1s a schematic view of an embodiment of a purge
system suitable for use with the aircraft of FIGS. 1A and 1B;

FIG. 2B 1s a schematic view of an embodiment of a purge
system suitable for use with the aircratt of FIGS. 1A and 1B;

FIG. 2C 1s a schematic view of an embodiment of a purge
system suitable for use with the aircratt of FIGS. 1A and 1B;
and

FIG. 2D 1s a schematic view of an embodiment of a purge
system suitable for use with the aircrait of FIGS. 1A and 1B.

DETAILED DESCRIPTION

Referring to the drawings, FIG. 1A shows an aircrait 100.
In the illustrated embodiment, the aircraft 100 include an
aircraft body 102, an airflow source 104, and fuel tanks
1104-110c¢. In the illustrated embodiment, the fuel tanks
110a-110¢ utilize the airtlow source 104 to transier fuel
vapors from within the fuel tanks 110a-110c¢ to an overboard
location 108. Advantageously, by removing tuel vapors from
within the fuel tanks 110a-110¢ potential ignition of fuel
vapors 1s reduced without the use of complex or heavy
inerting systems. In some embodiments, the above-refer-
enced fuel tank system can be utilized on-board any suitable
vehicle. The term “vehicle” includes any powered convey-
ance device, including but not limited to aircrait, marine
vessels, railroad engines, or roadway motor vehicles. In
some embodiments, the vehicle 1s an aircraft. In some
embodiments, the vehicle 1s a marine vessel such as a marine
vessel fueled by liquefied natural gas (LNG). In some
embodiments, the above-referenced fuel tank system can be
used for stationary applications, including but not limited to
tuel depots, fuel storage, etc.

In the 1llustrated embodiment, the airflow source 104 can
provide an airtlow to one or more of the fuel tanks 110a-
110¢. In the 1llustrated embodiment, the airflow source 104
1s a duct that can receive ram air 106 during flight of the
aircrait. The duct can be a NACA scoop to reduce drag
during operation. Ram air 106 1s airflow that 1s received by
the aircraft due to movement of the aircraft 100. In other
embodiments, the airflow source 104 can be other suitable
source as described herein. In certain embodiments, the
airflow source 104 can be an ambient airflow source, includ-
ing, but not limited to ambient airtlow from outside the
aircraft (ram air), etc. In certain embodiments, ambient
airflow can be directed within the aircraft body by a NACA
scoop, etc. In certain embodiments, the airtlow source 104
can be a ram air duct (as shown in FIG. 1A) to utilize
external airtlow from outside the aircraft. In certain embodi-
ments, the airtlow source 104 can be a cabin airflow source
to utilize airflow from within a passenger cabin of the
aircraft. In certain embodiments, the airflow source 104 can
be a cargo hold airflow source. In certain embodiments, the
airflow source 104 can be a flight deck airflow source.
Airflow sources from a cabin, cargo hold, and tlight deck can
be collectively referred to as fuselage sources. In certain
embodiments, the airflow source 104 can be fan bleed air
from an engine of the aircraft. In certain embodiments, the
airflow source 104 1s conditioned air from an environmental
control system of the aircraft. In certain embodiments, the
airflow source 104 can be a combination or hybrid of the
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airflow sources described herein. In certain embodiments,
airtlow sources can be selectively provided and combined to
provide a desired airflow. In certain embodiments, the
airtflow source 104 can be augmented with a fan or other
positive pressure device to provide airflow when suflicient
airtlow 1s not provided (ground operation).

In the illustrated embodiment, the aircrait body 102 can
include multiple fuel tanks 110a-110¢ disposed throughout
the aircrait body 102 to store fuel. In the illustrated embodi-
ment, the aircratt 100 can include at least one of a center
tank 110q, and wing tanks 1105, 110c¢. During operation,
liquid fuel levels 1n the fuel tanks 110aq-110¢ 1s depleted
forming a tank ullage that may contain fuel vapors and other
hydrocarbons, as shown 1n FIGS. 2A-2C.

In the 1illustrated embodiment, each of the fuel tanks
110a-110c¢ includes at least one inlet 112 and at least one
outlet 114. In the illustrated embodiment, inlets 112 can
introduce airflow from the airflow source 104 mto the tank
ullage of a fuel tank 1104-110c¢. Introduced airflow along
with fuel vapors and other hydrocarbons can be removed
from the tank ullage of the fuel tank 110a-110¢ via outlets
114. In the 1illustrated embodiment, the outlets 114 are 1n
fluid communication with the overboard air 108 to direct
airtlow and fuel vapors to the overboard location 108. In the
illustrated embodiment, ilets 112 from multiple fuel tanks
1104a-110c¢ can be 1n fluid commumnication to share common
lines. Similarly, in the illustrated embodiment, outlets 114
from multiple fuel tanks 110a-110¢ can be 1n fluid commu-
nication to share common lines.

Referring to FIG. 1B, another embodiment of the aircraft
100 1s shown. In the illustrated embodiment, the aircraft 100
includes an ejector 1035. The ejector 105 passes the ram air
106 that enters the airflow source 104 and 1s accelerated 1n
a construction thereby producing a low pressure region to
create suction. In the illustrated embodiment, the suction 1s
applied to the outlets 114 of the fuel tanks 110a-110c¢. In the
illustrated embodiment, airflow 1s drawn through the inlets
112, through the tank ullage of the tuel tanks 110q-110¢ and
out the outlets 114 to an overboard location via the suction
provided by the ejector 103.

Referring to FIG. 2A, a fuel tank 210 of a purge system
200 suitable for use with the aircrait 100 1s shown. The
purge system 200 can further be referred to as a fuel tank
safety system. In the illustrated embodiment, the purge
system 200 includes a fuel tank 210 and an airtlow source
204. In the illustrated embodiment, the purge system 200 can
introduce airflow within the fuel tank 210. Advantageously,
the purge system 200 can reduce fuel vapor temperatures
and the presence of fuel vapors within the fuel tank 210 to
reduce potential 1gnition of fuel vapors and other hydrocar-
bons.

In the illustrated embodiment, the fuel tank 210 includes
a tank volume 211, at least one inlet 212 and at least one
outlet 214. The fuel tank 210 can contain liquid fuel 216. In
the 1llustrated embodiment, the remaining volume within the
tank volume 211 1s the tank ullage 218. The tank ullage 218
can contain fuel vapors and other hydrocarbons. The tank
ullage 218 can comprise various chemical compounds,
including but not limited to components of air (e.g., nitro-
gen, oxygen) such as residual air from a tank filling process
or outlet air that entered the tank to fill space previously
occupied by liquid fuel as the fuel 1s consumed, water vapor,
hydrocarbon vapor resulting from evaporation of liquid fuel.
Advantageously, use of the purge system 200 can reduce
tuel vapor concentration within the tank ullage 218 below
the lower explosive limit by removing fuel vapor and other
hydrocarbons that could be 1gnited.
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Further, the purge system 200 can reduce the temperature
of the tank ullage 218. Advantageously, the amount of fuel
vapor within the tank ullage 218 1s dependent on the
temperature within the tank ullage 218. Therefore, below a
threshold temperature, 1gnition of vapor within the tank
ullage 218 will not occur. The threshold temperature can
range from approximately 95 degrees F. at sea level to
approximately 55 degrees F. at 40,000 feet.

In the illustrated embodiment, airflow can be introduced
into the tank ullage 218 via the inlets 212. Advantageously,
the airflow can dilute and remove the fuel vapors within the
tank ullage 218 while also reducing tank ullage 218 tem-
peratures. In the 1llustrated embodiment, the inlets 212 are in
fluid communication with an airflow source 204. An inboard

airflow 207 from the airtlow source 204 to the inlets 212 1s
directed to the tank ullage 218. In certain embodiments, the
inboard airtlow 207 can be directed via a duct.

In the 1llustrated embodiment, the airflow source 204 can

provide airflow to the tank ullage 218 via the inlets 212. The
airtlow source 204 provides low to no hydrocarbons to
maintain the tank ullage 218 below flammability limaits. In
vartous embodiments, the airflow source 204 can be any
suitable source of low to no hydrocarbon airtflow. In certain
embodiments, the airflow source 204 can be an ambient
airflow source, including, but not limited to ambient airtlow
from outside the aircrait (ram air), etc. In certain embodi-
ments, ambient airflow can be directed within the aircraft
body by a NACA scoop, etc. In certain embodiments, the
airflow source 204 can be a ram air duct (as shown 1n FIG.
1A as airtlow source 104) to utilize external airflow from
outside the aircraft. In certain embodiments, the airflow
source 204 can be a cabin airflow source to utilize airtlow
from within a passenger cabin of the aircrait. In certain
embodiments, the airtlow source 204 can be a cargo hold
airflow source. In certain embodiments, the airflow source
204 can be a flight deck airflow source. In certain embodi-
ments, the airflow source 204 can be fan bleed air from an
engine of the aircraft. In certain embodiments, the airtlow
source 204 1s conditioned air from an environmental control
system of the aircraft. In certain embodiments, the airflow
source 204 can be a combination or hybrid of the airflow
sources described herein. In certain embodiments, airflow
sources can be selectively provided and combined to provide
a desired airflow.
In the illustrated embodiment, outlets 214 can direct
airflow from the tank ullage 218 to an overboard location
208 via an outboard airflow 209. In the 1llustrated embodi-
ment, airflow from the inlets 212 can dilute and mix with
tuel vapors that are removed from the tank ullage 218 via the
outlets 214. In certain embodiments, outboard airflow 209
can be directed to a catalyst with a flame arrestor wherein the
outboard airtlow 209 i1s burned to prevent hydrocarbon
emissions. Any hydrocarbon vapors exiting the tank can be
recaptured 1n any suitable manner. Advantageously, the
purge system 200 can keep the fuel ullage 218 below the
lower explosive limits without the use of more complex
methods that require additional components.

Referring to FIG. 2B, another embodiment of the purge
system 200 1s shown. In the illustrated embodiment, a fan
205 15 1n fluid communication with the inbound airflow 207.
The fan 205 can provide positive pressure to the inbound
airflow 207 to direct airtlow into the tank ullage 218.
Advantageously, the fan 205 can allow for airtlow from
airflow sources 204 that may require external airtlow, and
can provide airtlow when an aircraft 1s on the ground, or
slowly moving, etc.
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Referring to FIG. 2C, another embodiment of the purge
system 200 1s shown. In the illustrated embodiment, a
regenerative heat exchanger 220 1s 1n fluid commumnication
with the inbound airflow 207. The regenerative heat
exchanger 220 includes a purge flow side 224 and an
overboard tlow side 222.

In the illustrated embodiment, inbound air flow 207 can
pass through the purge flow side 224 of the regenerative heat
exchanger 220. In certain embodiments, the regenerative
heat exchanger 220 can precondition the mbound air flow
207 to cool the air to lower the temperature within the tank
ullage 218 to below lower explosive limits of the fuel vapor.
In certain embodiments, the regenerative heat exchanger
220 can heat the inbound air flow 207 in order to raise the
temperature of the fuel 216 to prevent icing or gelling.

In certain embodiments, the regenerative heat exchanger
220 1s 1 fluid communication with the outbound airtlow 209
via the overboard flow side 222. In certain embodiments,
heat can be transierred between the outbound flow 209 and
the 1nbound flow 207 as needed.

Referring to FIG. 2D, another embodiment of the purge
system 200 1s shown. In the illustrated embodiment, a
conditioning device 230 1s 1 flid communication with the
inbound airtlow 207. The conditioning device 230 can be an
environmental control system, a vapor cycle machine, an air
cycle machine, or any other suitable cooling or conditioning
device. The conditioning device 230 can provide cooling to
the inbound airflow 207 by introducing cool air or by
cooling the inbound airflow. Advantageously, cooled airtlow
can allow ullage gases to remain below the lower flamma-
bility limiat.

In certain embodiments, a drying device 232 1s 1n fluid
communication with the mbound airflow 207. The drying
device 232 can be a drier or any other suitable device. The
drying device 232 can further remove humidity from the
inbound airflow 207. In certain embodiments, inbound air-
flow 207 can selectively bypass or partially bypass at least
one of the conditioning device 230 and the drying device
232 to provide a desired airflow. Advantageously, dried
airtlow can discourage bacterial growth and icing within the
tuel tank 210.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the embodiments. While the description of the
present embodiments has been presented for purposes of
illustration and description, it 1s not intended to be exhaus-
tive or limited to the embodiments in the form disclosed.
Many modifications, variations, alterations, substitutions or
equivalent arrangement not hereto described will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the embodiments. Additionally,
while various embodiments have been described, it 1s to be
understood that aspects may include only some of the
described embodiments. Accordingly, the embodiments are
not to be seen as limited by the foregoing description, but are
only limited by the scope of the appended claims.

What 1s claimed 1s:

1. A purge system, comprising;

an airflow source to provide an airflow; and

a fuel tank, including:

a tank volume including a tank ullage;

at least one inlet, wherein the at least one inlet 1s 1n fluid

communication with the tank ullage and the airtlow
source to provide the airflow as an mbound airtlow to
the tank ullage;

at least one outlet, wherein the at least one outlet 1s 1n flud

communication with the tank ullage and an overboard
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location to direct the inbound airflow as an outbound
atrflow from the tank ullage to the overboard location;
and

a heat exchanger 1n fluild communication with the inbound

and the outbound airtlows whereby the inbound airflow
upstream from the tank ullage thermally communicates
with the outbound airtlow downstream from the tank
ullage to maintain the imbound airtlow below lower
explosive fuel temperature limits and above fuel gelling
temperatures.

2. The purge system of claim 1, wherein the airflow
source 1S an ambient air source.

3. The purge system of claim 1, wherein the airtlow
source 1s a fuselage source.

4. The purge system of claim 1, wherein the airflow
source 1s an aircraft fan bleed air source.

5. The purge system of claim 1, further comprising a
conditioning device i fluild communication with the
inbound airtlow.

6. The purge system of claim 1, further comprising a
drying device i fluild communication with the inbound
airflow.

7. The purge system of claim 1, further comprising a fan
in fluid communication with the airtlow.

8. The purge system of claim 1, further comprising a
suction device in fluid communication with the outbound
airtlow to provide negative pressure to the outbound airflow.

9. The purge system of claim 8, wherein the suction
device 1s an egjector.

10. A method to purge hydrocarbon vapors, the method
comprising:

providing a cool airflow via an airtlow source;

providing a fuel tank having a tank volume with a tank

ullage;

providing the cool airtlow as an inbound airflow to the

tank ullage via at least one purge duct of the fuel tank;
and

directing the inbound airflow as an outbound airflow from

the tank ullage to an overboard location via a vent of
the fuel tank

providing thermal communication between the inbound

and outbound airflows upstream from the at least one
purge duct to maintain the inbound airtlow below lower
explosive fuel temperature limits and above fuel gelling
temperatures.

11. The method of claim 10, wherein the cool airflow 1s
cooled via a conditioning device.

12. The method of claim 10, wherein the cool airflow 1s
further dried via a drying device.

13. The method of claim 10, wherein the airflow source 1s
an ambient air source.

14. The method of claim 10, wherein the airflow source 1s
a fuselage air source.

15. The method of claim 10, wherein the airflow source 1s
an aircrait fan bleed air source.

16. The method of claim 10, further comprising a fan in
fluid communication with the airflow.

17. An aircrait, comprising:

an airflow source to provide an airflow;

an aircrait body comprising a fuselage and wings extend-

ing outwardly from the fuselage 1n opposite directions;
and

a center fuel tank disposed within the fuselage and wing
tanks disposed within the wings,
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the center fuel tank including a center tank volume
including a center fuel tank ullage, a leading edge and
at least one 1nlet and at least one outlet proximate to the
leading edge,

cach of the wing tanks respectively including a wing tank 5
volume including a wing tank ullage, an mboard edge
and at least one inlet and at least one outlet proximate
to the mboard edge;

wherein each of the at least one 1nlets 1s 1 fluild commu-
nication with the tank ullage and the airflow source to 10
provide the airflow to the corresponding tank ullage;

wherein each of the at least one outlets 1s in fluid
communication with the corresponding tank ullage and
an overboard location outside the aircrait to direct the
airflow from the corresponding tank ullage to the 15
overboard location; and

wherein the aircrait further comprises a heat exchanger
disposed upstream from the at least one inlets and
downstream from the at least one outlets, wherein
airflow being provided to the center and the wing tank 20
ullages thermally communicates with the airflow being
directed to the overboard location to maintain the
airflow being provided to the center and the wing tank
ullages below lower explosive fuel temperature limits
and above fuel gelling temperatures. 25

18. The aircraft according to claim 17, further comprising:

common lines by which each of the at least one inlets are
fluidly communicative with each other and the airflow
source, and

common lines by which each of the at least one outlets are 30
fluidly communicative with each other and the over-
board location.
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